Introduction
============

Coronary heart disease is caused by structural or functional coronary lesions in the coronary artery, affecting the blood supply and leading to demand imbalances as a result of myocardial damage ([@b1-mmr-22-02-1373]). Acute myocardial infarction (AMI) is a serious disease associated with high mortality rates ([@b2-mmr-22-02-1373]). According to the guidelines of the American College of Cardiology published in 2014, re-establishing the blood supply to ischemic myocardial tissues is the most viable therapeutic approach for the treatment of AMI ([@b3-mmr-22-02-1373]). However, coronary revascularization can induce myocyte damage such as the injury of myocardial structure, cardiac function, myocardial cell metabolism and electrophysiological activity ([@b4-mmr-22-02-1373]). In addition, pathological and physiological changes in endothelial cells, microvascular dysfunction, myocardial necrosis, arrhythmia and myocardial stunning are also associated with coronary revascularization ([@b4-mmr-22-02-1373]). These effects are known as myocardial ischemic reperfusion injury (MIRI) ([@b5-mmr-22-02-1373]). The mechanisms of MIRI have not been fully characterized.

Toll-like receptor 4 (TLR4) is a member of the mammalian TLR family. TLR4 can activate myeloid differentiation factor 88 (MyD88)-dependent pathways ([@b6-mmr-22-02-1373]). TLR4 can also regulate the transcriptional activity of NF-κB and interferon regulating factor 3 (IRF3), which promotes the production of inflammatory factors ([@b7-mmr-22-02-1373]--[@b9-mmr-22-02-1373]). As a member of TLR family, TLR2 can participate in the inflammatory response by modulating the MyD88 signaling pathway, and the activation of NF-κB and mitogen activated protein kinase (MAPK) ([@b10-mmr-22-02-1373]). The aim of the present study was to investigate the mechanism of the TLR4/TLR2 signaling pathway in MIRI in order to facilitate the treatment development for MIRI.

Radioprotective 105 kDa protein (RP105) is a single-pass type I membrane protein belonging to the TLR family ([@b11-mmr-22-02-1373]). RP105 plays an important role in regulating the proliferation and radio-activation of murine B cells ([@b12-mmr-22-02-1373]). The expression level of RP105 is closely associated with the inflammatory response in MIRI ([@b13-mmr-22-02-1373]). RP105 acts as a key inhibitor of the TLR4 pathway by forming the RP105/myeloid differentiation protein-1 complex (MD-1) and decreases the binding of TLR4 to ligands ([@b14-mmr-22-02-1373],[@b15-mmr-22-02-1373]). MD-2 is a glycoprotein that was discovered by sequence homology with MD-1. MD-2 determines the surface expression and signal transmission of TLR4 ([@b11-mmr-22-02-1373],[@b16-mmr-22-02-1373]). Transfection of RP105 into cardiocytes significantly decreased the production of pro-inflammatory cytokines to alleviate the heart from MIRI by inhibiting both the TLR4/MyD88 and TLR4/TIR-domain-containing adapter-inducing interferon-β (TRIF) signaling pathways ([@b17-mmr-22-02-1373],[@b18-mmr-22-02-1373]). The TLR2-dependent p38/MAPK and transcription factor activator protein-1 (AP-1) signaling pathways play critical roles in the pathogenesis of reperfusion injury of the myocardium, retina, liver and intestine ([@b19-mmr-22-02-1373]--[@b21-mmr-22-02-1373]). In the present study, the role of RP105 and the mechanism via which RP105 regulated TLR2/4 in MIRI were investigated by knockdown of RP105 in the cardiomyocytes of rats. The present results indicated the role of the RP105/TLR2/4 axis in MIRI.

Materials and methods
=====================

### Animals

In total, 75 adult Sprague-Dawley rats (males; weight, 220--250 g; age, 7--8 weeks) were provided by the Animal Experiment Center of China Three Gorges University (certificate no. SYXK2017-0061). The animal experiments were approved by the Animal Care and Use Department of China Three Gorges University. All rats were housed in a controlled temperature (25±2°C) with relative humidity 60±5% and 12:12-h light/dark cycle. All rats were housed in a specific pathogen-free barrier environment with free access to food and water.

The rats were randomly divided into the following five groups (n=15/group): i) Sham operation group (sham group); ii) saline injection and ischemic and reperfusion (I/R) operation group (I/R); iii) myocardial I/R with Ad-RP105 group (Ad-RP105); iv) myocardial I/R with Ad-RP105-small interfering RNA (siRNA) group (Ad-RP105-siRNA); and v) myocardial I/R with Ad-enhanced green fluorescence protein (EGFP)-siRNA group (Ad-G-siRNA).

### Construction of adenoviral vectors

The adenovirus vectors expressing EGFP-RP105- siRNA (5′-UAAUAGCUCUGGCAAUUUGGC-3′; Shanghai GeneChem Co., Ltd.), EGFP-RP105 (full-length cDNA of RP-105) or EGFP-siRNA (5′-TAGTCGCATACGGAACATTCG-3′; Shanghai GeneChem Co., Ltd.) were constructed by inserting the sequence into the PL-SIN lentiviral vector (Plasmid \#21316; Addgene, USA). Then, 5 µg of plasmids were transfected into 293 cells to amplify the adenovirus. The adenoviruses were further purified with the Adeno-X TM Virus Purification kit (BD Biosciences Clontech) after transfection for 48 h at romm temperature according to the manufacturer\'s instructions.

### MIRI model

The establishment of the MIRI model was performed as previously described ([@b22-mmr-22-02-1373]). Animals were anesthetized by intraperitoneally injecting 40 mg/kg sodium pentobarbital. The subcutaneous tissue was cut and separated along the upper part of the breastbone. The trachea was fully exposed for insertion; a venous indwelling 24G needle was used to ventilate the animal via endotracheal intubation. The animal ventilator was set at the rate of 80 breaths/min and the inspiratory/expiratory ratio was set as 2:1. The chest was exposed by a left thoracotomy between the fourth and fifth ribs. In total, 100 µl of saline, 30 µl of lentivirus expressing Ad-RP105-EGFP, Ad-G-siRNA or Ad-RP105-siRNA was injected at the apex of four separate positions in the heart of each group. After 3 days, the rats were again subjected to anesthesia, ventilation and thoracotomy as described above. The heart was exposed once again, and the left anterior descending coronary artery (LAD) was ligated using 6-0 silk suture with medical latex tubing to ensure full occlusion of LAD. Myocardial ischemia was recorded by serum detection. All animals were underwent 30 min of myocardial ischemia followed by 3 h of reperfusion as described previously ([@b23-mmr-22-02-1373]--[@b25-mmr-22-02-1373]). Rats in the sham group were subjected to the same operation but without blockage of LAD. After I/R surgery, 200 µl of blood was collected from the inferior vena cava of the rats. The euthanasia of rats was performed via cervical dislocation after anesthesia. Humane endpoints set for the euthanasia of rats at the end of the experiment included behavioral changes such as labored breathing, not eating or drinking, half-closed eyes and reduced exploration. The death of the animals was verified by checking the breathing rate, heartbeat and pupillary reflexes. The health and behaviors of rats were monitored every day during the experiments. Myocardial tissues were collected for subsequent experiments.

### Immunofluorescence assay

After I/R for 3 h, myocardium was immediately fixed with 4% paraformaldehyde at room temperature for 2 h, embedded in paraffin and sliced (4 µm). Slices were dewaxed and then underwent antigen fixing. Slices were blocked with 1% BSA (Sigma-Aldrich; Merck KGaA) for 30 min at room temperature (RT) and incubated with anti-RP105 antibody (cat. no. Sc-13592; 1:1,000; Santa Cruz Biotechnology, Inc.) overnight at 4°C. Then, the slices were incubated with goat anti-Rat IgG (H+L) cross-adsorbed secondary antibody (1:5,000; cat. no. A-11006; Thermo Fisher Scientific, Inc.) for 60 min at RT and subsequently stained with DAPI at room temperature for 10 min in the dark. The signal was measured using a fluorescence microscope (magnification, ×100; cat. no. BX51; Olympus Corporation).

### Western blotting

Cardiac tissues were lysed using RIPA lysis buffer (Beyotime Institute of Biotechnology). The protein concentration was determined using a bicinchoninic acid protein assay kit (Beyotime Institute of Biotechnology). Then, 20 ug of protein was separated via 12% SDS-PAGE and transferred onto nitrocellulose membranes. The membranes were first blocked with 5% non-fat milk for 1 h at RT, and then incubated with specific primary antibodies overnight at 4°C, including anti-TLR4 (1:1,000; cat. no. ab13556; Abcam), anti-TLR2 (1:2,000; cat. no. sc-10739; Santa Cruz Biotechnology, Inc.), anti-RP105 (1:1,000; cat. no. Sc-13592; Santa Cruz Biotechnology, Inc.), anti-Bcl-2 (1:1,000; cat. no. ab196495; Abcam), anti-cleaved caspase-3 (1:1,000; cat. no. ab2302; Abcam), anti-MYD88 (1:1,000; cat. no. ab2064; Abcam) and anti-NF-κB antibody (1:1,000; cat. no. Ab32536; Abcam). Membranes were then incubated with horseradish peroxidase-conjugated secondary antibodies (1:5,000; cat. nos. Ab97046 and Ab97057; Abcam) at RT for 1 h. The bands were exposed with Pierce ECL western blotting substrate (cat. no. 32106; Thermo Fisher Scientific, Inc). The expression of GAPDH (1:3,000; cat. no. Ab181602; Abcam) was detected to normalize the signals. The expression of proteins was qualified using ImageJ software (1.47; National Institutes of Health)

### Evaluation of myocardial infarct size

The myocardial infarct area was measured with the triphenyltrazolium chloride (TTC) staining. After being frozen at −80°C for 5 min, the hearts were sliced into five sections (thickness, 2 mm) and incubated with 1.5% TTC at 37°C for 15 min. Normal myocardial tissues stained red and the infarction region stained white with TTC. The myocardial infarct size was calculated using Image-Pro Plus 5.0 software (Media Cybernetics, Inc.).

### Hematoxylin and eosin (H&E) staining

Samples of cardiac tissue were fixed for 24 h at RT with 4% buffered formalin, embedded in paraffin and then cut into slices (thickness, 5 mm). Afterwards, the heart tissues were stained with H&E for 5 min at room temperature and imaged with a light microscope (magnification, ×200).

### Indexes of blood

The blood of rats treated with 1 ml 10% KCl was collected and centrifuged at 1,500 × g for 10 min at 4°C. The serum was obtained and the levels of creatine kinase (CK), MB isoenzyme of CK (CK-MB), and lactate dehydrogenase (LDH) was determined with lactate dehydrogenase kit (cat. no. 2400837; Beijing Kemeidongya Biotechnology Co., Ltd.) according to the manufacturer\'s protocols.

### Reverse transcription-quantitative PCR (RT-qPCR)

Total RNA was extracted from the myocardial samples using TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.). RNA was reverse transcribed into cDNA using the High-Capacity RNA-to cDNA kit (cat. no. 4387406; Thermo Fisher Scientific, Inc.). RT-qPCR was conducted with an SYBR Green Master Mix kit (Thermo Fisher Scientific, Inc.) on an ABI Prism 7500 system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The PCR conditions were set as follows: 2 min at 50°C, 95°C for 10 min, then 40 cycles of 95°C for 30 sec and 60°C for 30 sec. The expression of RP105 was normalized to that of GAPDH using the 2^−ΔΔCq^ method ([@b26-mmr-22-02-1373]). The primers used were as follows: RP105, forward 5′-GAGCCTGAACCTGAGCTACA-3′, reverse 5′-GGAGGCAGTGGGAGAGATTT-3′; GAPDH, forward 5′-ACAGCAACAGGGTGGTGGAC-3′, reverse 5′-TTTGAGGGTGCAGCGAACTT-3′.

### Co-immunoprecipitation

Tissues were added into homogenizing microtubes (OMNI International, Inc.) containing 1 ml home-made NP-40 lysis buffer \[In 1l of NP-40 lysis buffer: 30 ml of 5 M NaCl, 100 ml of 10% NP-40, 50 ml of 1 M Tris (pH 8.0) and 820 ml of H~2~O. Stored at 4°C\] and immediately homogenized using the Precellys^®^24 Homogenizer (Bertin Instruments) at 4,000 × g for 1 min at 4°C. The homogenized mix was centrifuged at 10,000 × g for 15 min at 4°C and the clarified supernatant was collected. The supernatant was pre-cleared by incubating with protein A beads for 1 h at 4°C. Afterwards, lysate was incubated with anti-MD2 antibody (2 µg; cat. no. sc-80183; Santa Cruz Biotechnology, Inc.) at 4°C overnight. IgG antibody (1:200; cat. no. sc-2025; Santa Cruz Biotechnology, Inc.) was used as the negative control. Then, Protein A agarose beads was added and incubated for 4 h at 4°C, followed by washing twice with PBS on ice. The binding between MD2 and TLR2/TLR4 was detected by western blotting with anti-MD-2 and anti-TLR2/4 antibodies (anti-TLR4: 1:1,000; cat. no. ab13556; Abcam; and anti-TLR2; 1:2,000; cat. no. sc-10739; Santa Cruz Biotechnology, Inc.).

### Statistical analysis

Data are presented as mean ± SD. Statistical significance was analyzed using one-way ANOVA followed by Tukey\'s test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Overexpression or knockdown of RP105 in rat cardiac muscle tissue

To explore the anti-inflammatory and cardioprotective roles of RP105 in MIRI, the adenoviral vectors expressing Ad-RP105-siRNA or Ad-EGFP-RP105 were injected into four individual sites at the apex of each rat heart. The transfection efficiency was identified by detecting the expression level of EGFP in the Ad-EGFP-RP105 and Ad-EGFP-RP105-siRNA groups ([Fig. 1A](#f1-mmr-22-02-1373){ref-type="fig"}). Compared with the Ad-G-siRNA group, both the mRNA and protein expression levels of RP105 in the Ad-RP105-siRNA group were significantly decreased ([Fig. 1B and C](#f1-mmr-22-02-1373){ref-type="fig"}). Transfection with Ad-EGFP-RP105 significantly increased the expression levels of RP105 in the myocardial tissue compared with the I/R group.

### Knockdown of RP105 promotes the activity of serum myocardial enzymes during MIRI

The concentrations of serum myocardial enzymes CK-MB, LDH and CK were increased after ischemia for 30 min followed by reperfusion for 3 h (I/R group vs. sham group; [Fig. 2A-C](#f2-mmr-22-02-1373){ref-type="fig"}). Additionally, knockdown of RP105 significantly increased the concentration of CK-MB, LDH and CK in myocardium compared with the Ad-G-siRNA group ([Fig. 2A-C](#f2-mmr-22-02-1373){ref-type="fig"}). In contrast, overexpression of RP105 significantly decreased the levels of CK-MB, LDH and CK in the rat myocardium (Ad-R vs. I/R group; [Fig. 2A-C](#f2-mmr-22-02-1373){ref-type="fig"}). The present results suggested that knockdown of RP105 enhanced the activity of myocardial enzymes during MIRI in rats.

### Silencing of RP105 increases myocardial infarction during MIRI

To investigate whether the knockdown of RP105 aggravated myocardial damage during MIRI, the myocardial infarction of each rat was evaluated by TTC staining. The myocardial infarction area was significantly increased in the RP105 knockdown group compared with the Ad-G-siRNA group ([Fig. 3A and B](#f3-mmr-22-02-1373){ref-type="fig"}). The present results indicated that overexpression of RP105 suppressed myocardial infarction in rats. Histopathological alterations in ischemic myocardia followed by reperfusion were identified via H&E staining ([Fig. 3C](#f3-mmr-22-02-1373){ref-type="fig"}). Only a few myocardial infarcts were identified in the control group ([Fig. 3A and B](#f3-mmr-22-02-1373){ref-type="fig"}). However, obvious myocardial degeneration and necrosis, myocardial fibers disorder, interstitial edema and infiltration of inflammatory cells were identified in the other experimental groups. Notably, these phenotypes were more significant in RP105 knockdown group compared with Ad-G-siRNA group ([Fig. 3A and B](#f3-mmr-22-02-1373){ref-type="fig"}). Mild myocardial fiber disorder and swelling were observed in RP105 overexpression group ([Fig. 3C](#f3-mmr-22-02-1373){ref-type="fig"}). The present results indicated the protective role of RP105 against myocardial infarction during MIRI.

### Knockdown of RP105 increases the expression levels of TLR2 and TLR4 in MIRI

To investigate the involvement of the TLR2/4 signaling pathway in MIRI, myocardial tissues of rats were collected after myocardial ischemia for 30 min and reperfusion for 3 h. The expression levels of TLR2 and TLR4 in rat myocardium were detected via western blotting. The present results suggested that compared with the Ad-G-siRNA group, the expression levels of TLR2 and TLR4 were significantly increased in the RP105 knockdown group ([Fig. 4A-C](#f4-mmr-22-02-1373){ref-type="fig"}). However, both the expression levels of TLR2 and TLR4 in the RP105 overexpression group were significantly decreased compared with the I/R group ([Fig. 4A-C](#f4-mmr-22-02-1373){ref-type="fig"}). Overexpression of RP105 decreased the interaction between MD2 and TLR2/4, while knockdown of RP105 increased the interaction of MD2 and TLR2/4 ([Fig. 4C](#f4-mmr-22-02-1373){ref-type="fig"}). Similarly, compared with control groups, after knockdown of RP105, the expression levels of inflammatory factors interleukin (IL-6) and tumor necrosis factor (TNF)-α were significantly increased, but they were decreased following overexpression of RP105 ([Fig. 4D-F](#f4-mmr-22-02-1373){ref-type="fig"}). The present results suggested that RP105 may negatively regulate the TLR2/4 signaling pathway in MIRI.

### Silencing of RP105 increases myocardial apoptosis

To detect whether knockdown of RP105 was associated with apoptosis of myocardial cells, the expression levels of apoptosis-related markers were investigated. The present results suggested that the protein expression level of Bcl-2 in myocardial tissue with overexpressed RP105 was significantly higher compared with the I/R group, while knockdown of RP105 decreased the expression level of Bcl-2 ([Fig. 5A and C](#f5-mmr-22-02-1373){ref-type="fig"}). In addition, the protein expression level of cleaved caspase-3 in RP105 overexpressed group was significantly decreased compared with the control group ([Fig. 5B and C](#f5-mmr-22-02-1373){ref-type="fig"}). The expression level of cleaved caspase-3 with RP-105 knockdown was significantly increased.

### Knockdown of RP105 may regulate the MyD88 and NF-κB signaling pathways

The expression levels of MyD88 and NF-κB in rat myocardium following myocardial ischemia for 30 min and reperfusion for 3 h were investigated. The protein expression levels of inflammatory factors MyD88 and NF-κB were significantly increased after knockdown of RP-105 compared with the control group ([Fig. 6A-C](#f6-mmr-22-02-1373){ref-type="fig"}). The protein expression levels of MyD88 and NF-κB in the presence of RP-105 were significantly reduced compared with the control groups. There was no significant difference between the I/R group and the Ad-G-siRNA group ([Fig. 6A-C](#f6-mmr-22-02-1373){ref-type="fig"}).

Discussion
==========

Previous studies have shown that the prevention and treatment of MIRI depends on the following features: i) Simply targeting the protective gene or harmful gene; ii) interfering with the expression of a single gene to play a comprehensive role in multiple pathogenic processes; or iii) modulating the expression of target genes via non-coding RNAs ([@b27-mmr-22-02-1373],[@b28-mmr-22-02-1373]). Although these strategies provide novel ways to alleviate MIRI, the clinical effect is still unsatisfactory ([@b22-mmr-22-02-1373],[@b24-mmr-22-02-1373],[@b29-mmr-22-02-1373]--[@b31-mmr-22-02-1373]). This may be due to the following reasons: i) MIRI results from the imbalance of both protective genes and harmful genes, and therefore unilateral intervention has limited impact; ii) both upstream and downstream pathways regulate MIRI, meaning targeting a single factor cannot fully control the pathological process; and iii) non-coding RNAs are involved in the progression of MIRI ([@b32-mmr-22-02-1373]--[@b34-mmr-22-02-1373]).

Previous studies have shown that serine/threonine kinase receptor-associated proteins regulated cell proliferation and apoptosis, and mediated the immune response to pathogens via the TLR2/4 signaling pathway ([@b35-mmr-22-02-1373]--[@b37-mmr-22-02-1373]). Our previous studies showed that RP105 plays a negative role in the TLR4 signaling pathway ([@b38-mmr-22-02-1373],[@b39-mmr-22-02-1373]). TLR4 recognizes, and is activated by, bacterial lipopolysaccharide (LPS) via the adaptor protein MD2, which induces the receptor heterodimer LPS/MD2/TLR4 on the cell membrane ([@b40-mmr-22-02-1373]--[@b42-mmr-22-02-1373]). The formation of the heterodimer initiates the intracellular TLR4/MyD88/NF-κB signaling cascade. The recruitment of MyD88 promotes the recruitment of secondary messengers and enzymes to form protein complexes, such as p38, c-Jun N-terminal kinase and extracellular-signal-regulated kinases 1/2 ([@b43-mmr-22-02-1373]). The following result is the activation of NF-κB and the transcription of target genes, including TNF-α, IL-1β and IL-18 ([@b25-mmr-22-02-1373]). Additionally, with the activation of TLR4, TRIF-related adaptor protein promotes conformational changes in TRIF, and recruits TNF receptor associated factor 3 (TRAF3) and TRAF6, eventually leading to the nuclear translocation of NF-κB and AP-1 ([@b44-mmr-22-02-1373]). In the present study, silencing of RP-105 triggered apoptotic and inflammatory-related pathways in rats, suggesting a negative role for RP-105 in the inflammatory response. The present results suggested that RP105 may be utilized as an inhibitor of the TLR4 inflammatory signaling pathway to treat MIRI.

Numerous signaling pathways are involved in the remodeling of the cardiovasculature ([@b45-mmr-22-02-1373],[@b46-mmr-22-02-1373]). Vascular and inflammatory cells-derived matrix metalloproteinases and cysteine proteases play key roles in cardiovascular remodeling and atherosclerotic plaque growth in human and animal models ([@b47-mmr-22-02-1373]--[@b50-mmr-22-02-1373]). TLR2 has been found to bind more ligands than other members of the TLR family ([@b51-mmr-22-02-1373]). An increase in TLR2 ligands significantly activates the PI3K/Akt pathway and protects myocardium from ischemic injury, which indicates the cardioprotective role of TLR2 in ischemic injury ([@b52-mmr-22-02-1373]). RP105 is associated with the TLR2 signaling pathway in mediating inflammatory responses ([@b53-mmr-22-02-1373]). A previous study showed that *Staphylococcus aureus* activates RP105 in macrophages to induce the accumulation of TLR2 ([@b54-mmr-22-02-1373]). The increased TLR2 by inflammatory cytokines via MyD88 leads to infection resistance in rats ([@b54-mmr-22-02-1373]). After *Mycobacterium tuberculosis* infection, RP105 interacts with TLR2 and modulates the inflammatory response ([@b55-mmr-22-02-1373]). TLR2 forms a complex with TLR1 and TLR6, which identify bacterial lipoproteins by recruiting the TIR domain-containing adaptor protein and MyD88 ([@b56-mmr-22-02-1373]). RP105/MD1 interacts with TLR2 to activate NF-κB and MAPK in macrophages, which promote the release of inflammatory factors ([@b53-mmr-22-02-1373]). However, excessive inhibition of TLR2 may result in unfavorable remodeling in the cardiac tissue ([@b57-mmr-22-02-1373]). Therefore, inflammation may be a double-edged sword, and a balance between regulating the infarct size and the healing of damaged myocardium needs to be investigated ([@b58-mmr-22-02-1373]).

Acting as a homologue of TLR, RP105 promotes the response of TLR2 ligand receptor by forming a heterologous complex and negatively regulates TLR4 signaling in macrophages ([@b53-mmr-22-02-1373]). RP105 is a possible factor in the immune response ([@b53-mmr-22-02-1373]); however, whether RP105 interferes with TLR2/4 and affects the progression of MIRI is not fully known. RP105 was reported as a critical regulator of TLR4 to alleviate MIRI by regulating the activation of the TLR4/Myd88 or TLR4/TRIF/IRF3 signaling pathway ([@b17-mmr-22-02-1373],[@b38-mmr-22-02-1373]). Moreover, an equilibrium state of the RP105-TLR2/4 signaling pathway is maintained under normal cardiomyocytes, whereas MIRI causes the imbalance of the RP105-TLR2/4 signaling pathway ([@b59-mmr-22-02-1373]). The present results suggested the involvement of RP105 in the myocardium, which indicated that TLR2 and TLR4 were key upstream regulators of ligand receptor signaling in modulating the process of MIRI.

The main limitation of this study is that the RP105 knockdown experiments were performed only in rats, rather than a higher primate species. However, using primate models is difficult for functional studies of RP105 in MIRI due to the lack of available drugs targeting RP105.

Various diseases caused by genetic mutations such as hypertrophic cardiomyopathy and restrictive cardiomyopathy still lack effective treatment strategies. The present results suggested RP105 targeted both TLR2 and TLR4, which indicated RP105 may be a promising candidate for the prevention and treatment of MIRI.
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![Overexpression or knockdown of RP105 in rat cardiac muscle tissue. (A) Expression levels of EGFP, with the indicated adenovirus gene injection for RP105 overexpression and RP105-siRNA, and DAPI-labeled nuclei density of cardiomyocytes. Scale bar, 50 µm. (B) mRNA expression of RP105 in rat cardiac muscle tissues was detected by reverse transcription-quantitative PCR after transfection with the indicated vector. (C) Protein expression levels of RP105 in rat cardiac muscle tissue. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001. Ad, adenovirus; RP105, radioprotective 105 kDa protein; siRNA, small interfering RNA; EGFP, enhanced green fluorescent protein; sham, control sham group; I/R, ischemic and reperfusion; Ad-R, Ad-RP105 group; Ad-R-siRNA, Ad-RP105-siRNA group; Ad-G-siRNA, Ad-EGFP-siRNA group.](MMR-22-02-1373-g00){#f1-mmr-22-02-1373}

![Knockdown of RP105 promotes the activity of serum myocardial enzymes during MIRI. Levels of serum (A) CK-MB, (B) LDH and (C) CK in sham, I/R, Ad-R, Ad-R-siRNA and Ad-G-siRNA groups. \*P\<0.05, \*\*P\<0.01, \*\*\*P\<0.001. Ad, adenovirus; RP105, radioprotective 105 kDa protein; siRNA, small interfering RNA; EGFP, enhanced green fluorescent protein; CK, creatine kinase; CK-MB, MB isoenzyme of CK; LDH, lactate dehydrogenase; sham, control sham group; I/R, ischemic and reperfusion; Ad-R, Ad-RP105 group; Ad-R-siRNA, Ad-RP105-siRNA group; Ad-G-siRNA, Ad-EGFP-siRNA group.](MMR-22-02-1373-g01){#f2-mmr-22-02-1373}

![Silencing of RP105 increases myocardial infarction during MIRI. (A) Area of myocardial infarction in each group was imaged and analyzed using Image-Pro Plus 5. The injury areas were highlighted with white arrows. (B) Statistical analysis of the myocardial infarction of each group. (C) Hematoxylin and eosin staining of the myocardium tissue slices in each group. Scale bar, 25 µm. \*\*\*P\<0.001. Ad, adenovirus; RP105, radioprotective 105 kDa protein; siRNA, small interfering RNA; EGFP, enhanced green fluorescent protein; sham, control sham group; I/R, ischemic and reperfusion; Ad-R, Ad-RP105 group; Ad-R-siRNA, Ad-RP105-siRNA group; Ad-G-siRNA, Ad-EGFP-siRNA group; IA, infarct area; AAR, area at risk.](MMR-22-02-1373-g02){#f3-mmr-22-02-1373}

![Knockdown of RP105 increases the expression levels of TLR2 and TLR4 in MIRI. Protein expression levels of serum (A) TLR2 and (B) TLR4 in each group. (C) Western blotting for the expression levels of TLR2 and TLR4 in each group. The interactions of MD2 with TLR2 and TLR4 following overexpression or knockdown of RP105 were investigated. Expression level of (D) TNF-α and (E) IL-6 in each group. (F) Western blotting bands of TNF-α and IL-6. \*P\<0.05, \*\*P\<0.01. Ad, adenovirus; RP105, radioprotective 105 kDa protein; siRNA, small interfering RNA; EGFP, enhanced green fluorescent protein; sham, control sham group; I/R, ischemic and reperfusion; Ad-R, Ad-RP105 group; Ad-R-siRNA, Ad-RP105-siRNA group; Ad-G-siRNA, Ad-EGFP-siRNA group; TLR2/4, Toll-like receptor 2/4; TNF-α, tumor necrosis factor; IL-6, interleukin 6; MD2, myeloid differentiation protein 2; IP, immunoprecipitation.](MMR-22-02-1373-g03){#f4-mmr-22-02-1373}

![Silencing of RP105 increases myocardial apoptosis. Protein expression levels of serum (A) Bcl-2 and (B) cleaved caspase-3 in each group. (C) Western blotting bands of Bcl-2 and cleaved caspase-3. \*P\<0.05, \*\*P\<0.01. Ad, adenovirus; RP105, radioprotective 105 kDa protein; siRNA, small interfering RNA; EGFP, enhanced green fluorescent protein; sham, control sham group; I/R, ischemic and reperfusion; Ad-R, Ad-RP105 group; Ad-R-siRNA, Ad-RP105-siRNA group; Ad-G-siRNA, Ad-EGFP-siRNA group.](MMR-22-02-1373-g04){#f5-mmr-22-02-1373}

![Knockdown of RP105 regulates the MyD88 signaling pathway. Protein expression levels of serum (A) MyD88 and (B) NF-κB in each group. (C) Western blotting bands of MyD88 and NF-κB in each group. \*P\<0.05. Ad, adenovirus; RP105, radioprotective 105 kDa protein; siRNA, small interfering RNA; EGFP, enhanced green fluorescent protein; sham, control sham group; I/R, ischemic and reperfusion; Ad-R, Ad-RP105 group; Ad-R-siRNA, Ad-RP105-siRNA group; Ad-G-siRNA, Ad-EGFP-siRNA group; MyD88, myeloid differentiation factor 88.](MMR-22-02-1373-g05){#f6-mmr-22-02-1373}
